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The recent development of the VEST, an ambulatory
radionuclide detector, to measure left ventricular ejection
fraction may enhance the detection of ischemia during daily
activities in patients with coronary artery disease. The
normal range and determinants of ejection fraction re-
sponses to stimuli other than physical exercise, however,
are not adequately characterized. Therefore, ejection frac-
tion responses to various activities were measured in 18
normal subjects utilizing the VEST. Uniform increases
(>5%) in ejection fraction were seen during physical
exercise, uniform decreases were seen during cold pressor
testing and modest changes (including decreases >5%)
were seen in ejection fraction during mental stress, mictu-
rition and hyperventilation.
Different forms of stress produced significantly different
changes in ejection fraction, even when values were con-
trolled for changes in heart rate. Ventricular loading
conditions in the form of enhanced blood pressure re-
Recent studies (1) suggest that identification of transient
myocardial ischemia during ambulatory electrocardio-
graphic (ECG) monitoring identifies patients at increased
risk for cardiac events. Electrocardiography. however. may
be an imperfect tool for assessing transient myocardial
ischemia. Laboratory exercise stress testing. for example.
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sponses during mental stress may have contributed to the
relatively smaller changes in ejection fraction compared
with those during exercise. Subjects demonstrating a de-
crease in ejection fraction during mental stress did not
differ from other subjects in hemodynamic reactivity dur-
ing mental testing but did have evidence of increased
parasympathetic tone during cold pressor and bicycle ex-
ercise testing.
The results reveal that normal ejection fraction response
differs among varying physiologic stimuli. These changes
are in part related to changes in heart rate and blood
pressure; however, other factors, such as neurohumoral
regulation, may also play a role. These findings indicate
that the patient's activity and the setting in which it occurs
must be considered when interpreting ambulatory ejection
fraction responses.
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has revealed that radionuclide imaging is more sensitive than
electrocardiography in the detection of myocardial ischemia
(2). Radionuclide imaging is also more sensitive for detecting
the ischemic effects of mental stress (3), cold stimulation (4)
and smoking (5), which are activities probably more repre-
sentative of ambulatory stressors,
Recently. an ambulatory radionuclide detector was de-
veloped (6) for continuously monitoring left ventricular
ejection fraction during daily activities. This device has been
shown by Wilson et aL (6) and our group (7) to reliably and
accurately assess ejection fraction changes. Its development
creates an opportunity for enhanced ischemia detection in
the ambulatory setting. Correct identification of ischemic
ejection fraction responses, however, depends on the under-
standing of the normal range and temporal nature of ejection
fraction in response to different physiologic stimuli. Previous
VEST work has profiled normal ambulatory ejection fraction
responses during various activities. Although uniform in-
creases in ejection fraction are seen during physical exer-
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Figure 1. The sequence of activities for the two protocols employed
in the 18 volunteers. The testing time is shown in the top row. Each
protocol sequence included mental stress testing. daily activities and
two bicycle exercise (EX) periods. Regardless of sequence. each
volunteer underwent daily activities during VEST monitoring. as
well as bicycle exercise during both VEST monitoring and gamma
camera imaging. Protocol I utilized VEST monitoring for mental
stress testing; protocol 2 utilized gamma camera imaging for mental
stress testing.
cise. a wide variety of changes in ejection fraction (including
decreases) have been observed during activities such as
mental stress, micturition and exposure to cold (8.9). The
determinants of changes in ejection fraction in the ambula-
tory setting, including the mediating role of heart rate and
blood pressure, have not been adequately explored.
We undertook a study to evaluate ejection fraction re-
sponses to a wide variety of activities and different forms of
exercise in normal volunteers. Specifically, we sought to
assess some of the determinants of change in ambulatory
ejection fraction.
col I utilizing VEST monitoring of the mental tasks and
seven underwent protocol 2 utilizing gamma camera imaging
during the mental tasks. All 18 subjects underwent VEST
monitoring of daily activities and both VEST monitoring and
gamma camera imaging of bicycle exercise.
Assessment of variability in ejection fraction at rest. Each
subject was asked to rest quietly while sitting upright in a
chair without external stimuli for approximately 20 min
(mean 15 ± 3, range 7 to 20) after the placement of the VEST
detector. Data derived from these measurements were used
to calculate the variability of VEST-determined ejection
fraction at rest.
Mental stress protocol. Subjects performed a series of
four mental stress tasks. each lasting 3 to 5 min. During a
rest period of 5 to 7 min between tasks, heart rate and blood
pressure were allowed to return to normal. The following
tasks were performed.
I) Mental arithmetic. Subjects were instructed to sub-
tract serial 7s from a four digit number for 3 min as quickly
and as accurately as possible and were prompted periodi-
cally to increase speed and accuracy.
2) Stroop color-word task. Subjects were shown a rap-
idly changing series of slides for 3 min. The slides displayed
the names of colors (for example. green), with the written
letters in a nonmatching color (for example. blue). The
subjects were required to state out loud the color used for
the word display rather than the word itself.
3) Simulated public speakinR. Subjects were asked to
give a 5 min speech in front of two observers. They were
instructed to talk specifically and honestly about personal
faults or undesirable habits with which they were dissatis-
fied.
4) Reading. Subjects read a prose passage on a neutral
topic for 3 min to assess the physiologic influence of imper-
sonal speech.
Cold pressor stimulation and daily activities. Each subject
underwent a series of supervised activities. designed to
simulate activities encountered in everyday life. as well as
the cold pressor test. The sequence consisted of I) hyper-
ventilation for 2 to 3 min followed by 5 min of recovery; 2) a
cold pressor test involving hand placement in ice water for 2
to 5 min (duration depended on tolerance) followed by 5 min
of recovery; 3) spontaneous micturition without forced fluid
intake followed by 5 min of recovery; 4) walking at a
leisurely pace on one floor of the hospital for 5 min; and 5)
rapid stair climbing for 5 min.
Exercise protocol. Each subject was positioned on an
upright bicycle ergometer and performed graded exercise.
with work load increases of 200 kp-m every 3 min. Patients
were exercised submaximally to :::0;85% of their maximal
predicted heart rate. They were then allowed to rest for at
least 20 min or until their rest heart rate approximated their
initial rest value before repeating exercise.
180158
VEST
GIIIIII CI.1rI
18----:I I
i EX 2 !
1.:_-_-1
12090
VEST
6030
Methods
Study patients. Twenty healthy volunteers (15 male, 5
female) with a mean age of29 ± 7 years (range 18 to 44) and
no evidence of coronary artery disease by history, physical
examination and rest ECG were recruited for the study.
Informed consent was obtained according to a protocol that
was approved on September I, 1989 by the Cedars-Sinai
Medical Center Human Subjects Committee.
Experimental protocol sequence. Each subject underwent
the following series of activities: I) mental stress testing; 2)
activities of "daily living," which included walking-stair
climbing, hyperventilation and micturition; 3) cold pressor
stimulation; and 4) repetitive bicycle exercise. Of the 20
subjects studied, 18 were available for VEST data analysis;
I was excluded because of VEST tape recorder malfunction
and another because of marked discordance between ejec-
tion fraction during bicycle exercise as measured by the
VEST and that measured by gamma camera. Gamma camera
studies were available for analysis in all 18 subjects. The
sequence of overall testing was varied according to two
protocol patterns (Fig. 1). Eleven subjects underwent proto-
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Data Acquisition
Radionuclide ventriculography. Radionuclide ventricu-
lography was performed during mental tasks in 7 subjects
and during bicycle exercise in all 18 subjects, Before data
acquisition, each subject was injected with in vitro techne-
tium-99m-labeled red blood cells (10), During mental stress
testing, the subjects were positioned with the upper torso
semierect at approximately a 4SO angle: during bicycle exer-
cise, the subjects were upright. R wave-synchronized. mul-
tiple-gated equilibrium radionuclide ventriculography was
performed at 20 frames/cardiac cycle with use of a mobile
gamma camera equipped with a 0.25 in. (0.64 em) sodium
iodide crystal and an all-purpose collimator. Imaging was
performed with the camera positioned in the left anterior
oblique angle that best separated the left and right ventricles.
For mental stress testing. serial 2 min radionuclide ventric-
ulograms were obtained before the start of the mental tasks
and during the performance of each task, beginning 30 to 60
s after task initiation. For exercise, images were obtained at
rest. during the last 2 min of each 3 min exercise period and
immediately after exercise. The 2 min imaging procedure
(used throughout the study) resulted in approximately
100,000 counts/frame.
VEST monitoring. This was performed during mental
tasks in II subjects and during daily activities and exercise in
all 18 subjects. The VEST (Capintec) employs a portable
cardiac detector that consists of a single sodium iodide
crystal (5.6 cm in diameter), a high sensitivity parallel hole
collimator and two photomultiplier tubes. A second detec-
tor. consisting of a cadmium telluride crystal. measured lung
background, which was used for monitoring the adequacy of
VEST positioning throughout the study. Scintigraphic data
were accumulated by the detector over 31 ms intervals. A
plastic garment was used to hold the detector in place. The
VEST monitoring system also uses a two lead ECG monitor,
a gating device, a data logger. a cassette recorder and a
microcomputer. The data logger, which consists of a pulse
height analyzer and microprocessor. was used to transcribe
both the scintigraphic and ECG data onto magnetic tape.
To determine the optimal placement q{ the VEST relatil'e
to the chest wall before each study. the position of the VEST
detector over the left ventricle was modified under gamma
camera control until right ventricular and left atrial overlap
was minimized. A 2 min static gamma camera image was
obtained to confirm the adequacy of the VEST detector
position. During data acquisition with the VEST detector,
beat to beat radionuclide time activity curves and ECG
signals were continuously recorded. Starting with the R
wave. scintigraphic count data were entered into the mem-
ory system of the data logger for each 31 ms of the cardiac
cycle. Count data were corrected for the physical decay of
the radionuclide by the computer according to an algorithm
based on the half-life of technetium-99m. Beats were re-
jected by the computer if their length varied by >20% of the
average of the previous four cardiac cycles.
Data interpretation. Gamma camera ejection fraction
was determined by a clinical computer operator, blinded to
all data. using light pen assignment of end-diastolic, end-
systolic and background regions of interest (10). Ejection
fraction was calculated from stroke counts: (background-
corrected end-diastolic - background-corrected end-
systolic counts )/( bac kground-corrected end-diastolic
counts), Because the VEST is a nonimaging device. three
quality control steps are performed before data analysis to
identify significant detector motion. First. a repeat 2 min
static gamma camera image is obtained after the study
(approximately 3 h) and compared with the prestudy image
to identify any change in the relation of the VEST detector
relative to cardiac structures. Second. a trend plot of the left
ventricular and lung background counts over time is as-
sessed. Sudden shifts in these plots generally signify detec-
tor movement. Third. raw beat to beat data are analyzed
subjectively to assess the quality of the individual time-
activity curves. All phases of these quality control measures
were deemed to be of adequate quality for analysis in the 18
volunteers.
Individual VEST background count values were deter-
mined as the value necessary to match the initial VEST-
determined ejection fraction at rest with that obtained by the
gamma camera. This value was then used throughout the
individual's VEST data analysis and ranged from 59% to
81 C/c. with a group mean of 67 ± 6lJf. The VEST radionuclide
and heart rate data were summed over 30 s intervals for
calculation of ejection fraction and relative end-diastolic and
end-systolic volumes. We have previously shown (7) that the
30 s summation of VEST data is accurate compared with the
gamma camera data and highly reproducible. All values were
printed in numeric tabular form for data interpretation.
These data were additionally averaged over I or 2 min
intervals where indicated,
ChanRes in VEST-determined ejection fraction were as-
sessed by selecting the peak change in ejection fraction
during each activity as compared with the baseline ejection
fraction determined before each activity sequence protocol
(that is. mental stress, daily activities, bicycle exercise).
Baseline ejection fraction determinations were made by
averaging four consecutive 30 s summed values that were
most representative of the preactivity baseline measure-
ment. One patient had a declining baseline ejection fraction
throughout the monitoring of daily activities. Because these
changes coincided with a declining heart rate and there was
no evidence of detector motion, a state of progressive
relaxation was believed to have occurred. Thus, individual
preactivity baseline measurements were used in this subject.
Two-minute determinations were made by selecting and
averaging four consecutive 30 s summed values: 30 s deter-
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Figure 2. A VEST ejection fraction (EF) trend plot for a patient
during rest. mental tasks. daily activities and bicycle exercise. The
upper panel illustrates the percent change from initial baseline
values in end-diastolic volume (% EDV) and end-systolic volume
(End Syst. Vol). respectively. Ejection (Eject.) fraction (%) and
heart rate (beats/min) are shown in the lower panel. The scale for
ejection fraction changes is on the right (from 20% to 100%) and the
scale for heart rate changes is on the left (from 40 to 200 beats/min
[BPM)). Time (in minutes) is shown at the bottom. Dotted vertical
lines represent event marker activation, typically utilized at the
beginning and end of an activity or exercise stage. HPV = hyper-
ventilation: Math = arithmetic problems.
increased least during walking (range of mean values 3% to
20%). more with bicycle exercise (range 5% to 22%) and
most with stair climbing (range 4% to 36%). The magnitude
of peak delta ejection fraction was greater for the 30 s data
versus the 2 min averaged data for all activities except
hyperventilation (p < 0.05). Statistical analysis revealed the
ejection fraction responses to each of the protocol activities
to be normally distributed. Thus. the change in ejection
fraction varied depending on the form of activity, and the 2
min averaged data underestimated responses, compared
with the 30 s data for most activities.
Heart rate and blood pressure mediation of ejection frac-
tion responses. Cardiac contractility is augmented when the
rate of stimulation is increased (11). To assess whether
differences in heart rate accounted for the differences in
ejection fraction responses, we compared the responses to
mental stress, bicycling and walking-stair climbing for
matched magnitudes of heart rate change, using the peak
heart rate change during mental stress as the reference
value. Mental stress and walking-stair climbing were also
controlled by selecting ejection fraction values with similar
baseline heart rate (60 ± 10 versus 63 ± 10 beats/min. p =
NS). The reference rest heart rate values on the upright
minations were made by selecting the greatest single peak
value within that 2 min interval.
Hemodynamic and ECG monitoring. Heart rate. cardiac
rhythm and ST segments were continuously monitored dur-
ing all phases of the protocol. Blood pressure was monitored
over 2 min intervals with an automated blood pressure
monitor during the mental tasks and cold pressor stimulation
and with a sphygmomanometer during exercise. Blood pres-
sure was not obtained during the activities involving out of
laboratory ambulation.
Statistics. A weighted average of the change in ejection
fraction was used to assess variability at rest because the
number of minutes acquired during rest varied among sub-
jects. For ejection fraction response values to the various
stimuli, the Wilk-Shapiro test was used to test for departure
from normal values. Comparisons of mean values were made
using paired and unpaired t tests. Analysis of variance with
Tukey's studentized range test was used to compare mean
ejection fraction responses for mental stress, bicycle and
walking exercise. Data are summarized as mean values ±
SD. The alpha level of significance was set at 0.05.
Results
A representative VEST ejection fraction trend plot is
shown in Figure 2. Absolute ejection fraction, heart rate and
relative end-diastolic and end-systolic volumes are depicted
over time. The trend plot during the initial rest period and
the four serial mental tasks followed by the daily activities,
cold pressor stimulation and bicycle exercise are also de-
picted in Figure 2.
Variability in ejection fraction at rest. Variability in
VEST determinations of ejection fraction at rest without
change in position was determined by a weighted average of
the change in ejection fraction. Using the initial stable
baseline ejection fraction as the reference value. consecutive
I min collections of ejection fraction data during the rest
period were averaged for each subject. The mean change in
ejection fraction at rest for the group was low: 1.0 ± 2.3%
(range -5.1% to 3.5%).
Comparison of ejection fraction responses to different
physiologic stimuli. The peak VEST delta ejection fraction
responses to the protocol activities are shown in Figure 3.
We compared the VEST data summed over 30 sand 2 min
time intervals, the latter designed to simulate 2 min gamma
camera acquisition data. The mean ejection fraction group
response to the mental tasks was modest, despite individual
subject responses that varied markedly from - 12% to 17%
for the 2min data. Modest increases in ejection fraction were
noted during micturition and hyperventilation. In contrast. a
marked decrease in ejection fraction was seen during the
cold pressor test, mean values ranging from -17% to 7% for
the 2 min data. Ejection fraction decreased by 2:5% in 14 of
the 18 volunteers exposed to cold stimulation (2 min data). It
JACC Vol. 16. No.4
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Figure 3. The VEST ejection fraction response (~EF) to
the various protocol stimuli in 18 normal volunteers.
The vertical axis illustrates the change in ejection frac-
tion (%). ranging from -15% to 30%. The various
physiologic stimuli are listed on the horizontal axis.
Each bar represents the mean (±SO) ejection fraction
response to each physiologic stimulus. The values rep-
resent 2 min data summation lopen bars) and 30 s data
summation (closed bars); 30 s data summation resulted
in significantly greater changes in ejection fraction. *p <
0.05 versus 2 min change in ejection fraction.
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Figure 4. Comparative VEST ejection fraction and hemodynamic
change for mental stress (closed bars) and bicycle exercise (open
bars). Ejection fraction change (~EF [o/c]). heart rate change
I~HR [beats/min]) and systolic and diastolic blood pressure change
(~SBP and ~OBP. respectively [mm Hg]) are represented as mean
values ± SO. At matched heart rate changes, the smaller increase in
ejection fraction observed for mental stress was accompanied by a
greater increase in systolic and diastolic blood pressure compared
with exercise. *p < 0.05 versus exercise.
6.5% versus -8.8 ± 2.5%. p < 0.05). the mean heart rate and
systolic and diastolic blood pressure responses were not
statistically different between the two groups. The mean
ejection fraction decrease during cold pressor stimulation
was greater in the subjects in Group 2 and this group
demonstrated a decrease in heart rate during cold pressor
testing versus relatively little change in the Group I patients
(-8.0 ± 4.2 versus -0.1 ± 13.7 beats/min, p '" 0.08). Rest
ejection fraction was lower in the Group 2 subjects (53 ± 2%
versus 57 ± 5%. p '" 0.02) as was the peak ejection fraction
bicycle were higher (rest value 77 ± 14 beats/min). The
magnitude of heart rate change used for comparison was
23 ± 12 beats/min for mental stress. 23 ± 13 beats/min for
bicycling and 22 ± 9 beats/min for walking-stair climbing
(p = NS). Significant differences in the mean change in
ejection fraction were seen among the three activities. with
ejection fraction increasing least during mental stress (3 ±
12%), more during bicycle exercise (7 ± 5%) and the most
during walking-stair climbing (15 ± 9%. p < 0.05 versus
mental stress and bicycle exercise). even though the mean
absolute rest and peak heart rates were greater during
bicycle exercise versus walking-stair climbing.
We further assessed the comparative difference in blood
pressure responses for these matched heart rate responses.
Because it was performed outside of the laboratory. blood
pressure responses were not obtained for walking-stair
climbing. Instead. we compared the blood pressure reo
sponses for matched heart rates during mental stress and
bicycle exercise. Both the mean systolic and diastolic blood
pressures were greater during mental stress compared with
bicycle exercise at the matched heart rate changes (Fig. 4).
Delineation of mental stress task responses (Table 1).
Assessment of the individual subjects' ejection fraction
responses to the various mental tasks demonstrated rela-
tively uniform trends in ejection fraction change within a
given subject. Thus. we classified the volunteers into two
groups according to this response: those with a predomi-
nantly elevated or flat response (Group I '" 14 subjects) and
those with a predominant decrease in ejection fraction >5%
(Group 2 '" 4 subjects). To further assess this phenomenon
and to explore potential determinants of ejection fraction
response other than heart rate and blood pressure. we
analyzed the uniformity of mental task response and com·
pared it with the cold pressor and exercise responses in
individual subjects (Fig. 5). Despite a marked difference in
the mean peak change in ejection fraction in response to
mental stress between Group I and Group 2 subjects (8.1 ±
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Table 1. Ejection Fraction Responses to Mental Tasks
Subject Stroop-
No. Math Word Speech Read
1* 3 10 9 9
2 3 4 2
3* 5 2 4 I
4 -6 -12 -5 -4
5' 2 4 7 6
6 16 II 8 4
7 8 9 4 4
8* _1 -I 3 /)
9* 17 8 4 12
10 I -6 -8 0
II I I _1
12* -2 -4 0 0
13 9 ) 3 0
14 -) -6 -5 _1
IS -) -6 -9 -6
16* 7 9 9 5
17 8 8 10 6
18 6 " 17 7*Mental task values measured by gamma camera: the remaining values
measured by the VEST. Values are change in ejection fraction ('7rj from
premental stress protocol baseline averaged over 2min. See text for expla-
nation of tasks.
response to bicycle exercise, change in heart rate and change
in systolic blood pressure, despite similar work loads
achieved compared with Group I subjects.
Temporal assessments of ejection fraction responses. Ejec-
tion fraction and heart rate changes in the normal volunteers
during mental stress and cold pressor stimulation were
persistent for the duration of stimulation (3 min for mental
stress and 5 min for cold pressor testing) and normalized
Exercise
quickly by I min of recovery. Significant heart rate eleva-
tions were seen within the Ist min during mental stress and
cold pressor testing (\ 9 ± 10 and 7 ± 7 beats/min, respec-
tively; p < 0.05 versus baseline) and were sustained during
the final minute of testing (16 ± 9 and 5 ± 10 beats/min,
respectively: p < 0.05 versus baseline). Similar changes
were seen in ejection fraction response. Significant ejection
fraction elevations during mental stress and depressions
during cold pressor stimulation were present within I min of
testing (5 ± 4% and - 3 ± 4%, respectively; p < 0.05 versus
baseline) and were persistent through the final minute of
testing (5 ± 3% and -4 ± 6%. respectively; p < 0.05 versus
baseline). All heart rate and ejection fraction values returned
to baseline levels by I min of recovery (p = NS versus
baseline values).
Discussion
Our results indicate that ejection fraction responses vary
widely in healthy subjects. according to the form of physio-
logic stimulation. A uniform increase in ejection fraction was
noted during each type of physical exercise, increasing with
the intensity of exercise. The ejection fraction responses to
cold pressor stimulation were also uniform, but consisted of
marked decreases. These findings are concordant with pre-
vious studies (8.9) utilizing the VEST in normal subjects. In
contrast. our findings demonstrate modest changes in ejec-
tion fraction during hyperventilation, micturition and mental
stress; 4 (22%) of 18 of our normal subjects had a uniform
decrease in ejection fraction during mental stress, a finding
similar to that of Kiess et aI. (9). Thus, changes in ejection
fraction should be interpreted according to the type of
physiologic activity being performed.
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Figure 5. Comparative VEST ejection fraction (EF) and
hemodynamic response during mental stress, cold pres-
sor testing and bicycle exercise in Group I (closed bars)
and Group 2 (open bars). Group I subjects were identi-
fied by a predominant increase or no change in ejection
fraction (dEF [%]j during mental tasks (n = 14): Group
2subjects demonstrated a predominant decrease during
mental stress (n =4). Although hemodynamic responses
during mental stress were similar between the two
groups, Group 2 subjects demonstrated a greater de-
crease in ejection fraction and a marked bradycardiac
response during cold pressor testing compared with
Group 1. Group 2 also had smaller changes in ejection
fraction, heart rate (dHR) and systolic (dSBP) and
diastolic (dDBP) blood pressure (mm Hg) during bicycle
exercise compared with Group I. *p < 0.05 versus
Group 1. bpm = beats/min.
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The VEST monitoring system. Several aspects of our
results reveal the VEST monitoring system to be a powerful
tool for physiologic research, First, the inherent variability
in measuring ejection fraction during stationary VEST mon-
itoring was low in our study. The mean variability of the
change in ejection fraction was only 1.0 ± 2.3% at rest.
which is comparable with results in previous investigations
(4) utilizing gamma camera measurement of ejection fraction
over longer data acquisition times. Second, the VEST sys-
tem permits assessment of the change in ejection fraction
over relatively short time periods. Reproducible measure-
ments can be obtained by averaging data over 30 s intervals
(7). Our results suggest that traditional 2 min averaged data
may tend to underestimate the magnitude of the change in
ejection fraction in response to stimuli, This may be impor-
tant in assessing ejection fraction response to ambulatory
stressors (for example, emotional stress and car driving),
which can be of sudden onset and transient in nature. These
capabilities may make the VEST a potentially suitable
device for enhanced detection and quantification of myocar-
dial ischemia during ambulatory activity.
Ejection fraction response and different forms of physical
activity. Because radionuclide ventriculography requires
immobilization of the chest. ejection fraction responses are
typically assessed during bicycle exercise. Now, for the first
time, the ambulatory nature of the VEST permits compari-
son of bicycle and treadmill exercise results on radionuclide
monitoring. Previous work has established bicycle and
treadmill exercise to be different in important ways. Higher
heart rates are generally achieved during treadmill exercise,
whereas greater blood pressure responses are observed
during upright bicycle exercise (12). Compared with upright
exercise, supine bicycle exercise enhances the frequency of
ST segment depression yet does not result in more wall
motion abnormalities (13).
Our results indicate that ejection fraction increases more
during walking forms of exercise than during bicycle exer-
cise, even for matched heart rate increases, These results
suggest but do not prove that treadmill stress may be a more
potent physiologic stimulus. Because achieving a maximal
level of stress is important in evaluating patients with
coronary artery disease, comparison of bicycle versus tread-
mill exercise using the VEST appears warranted in such
patients.
Relation of ejection fraction to heart rate. Ejection frac-
tion responses to exercise are generally interpreted indepen-
dent of changes in heart rate, although the importance of
achieving an adequate work load is diagnostically well
appreciated. Schaefer et al. (II) demonstrated a close rela-
tion between heart rate and left ventricular performance in
normal subjects. Additional factors that influence ejection
fraction include afterload and preload (14) and neurohumoral
effects (15). Our results indicate that heart rate changes
alone do not explain differences in ejection fraction re-
sponses in normal individuals. The ejection fraction re-
sponse to mental stress. bicycle exercise and walking-stair
climbing varied among physiologic tasks, even when we
compared responses for matched changes in heart rate. In
part. concomitant changes in blood pressure may account
for these differences because both systolic and diastolic
blood pressure were higher at matched heart rate elevations
during mental stress compared with bicycle exercise. The
greater increase in blood pressure during mental stress may
have served to diminish the ejection fraction responses.
These results imply that blood pressure changes as well as
heart rate should be considered in studying physiologic
ejection fraction responses.
Other determinants of ejection fraction. Our subgroup
assessment demonstrated varying trends in ejection fraction
change during mental tasks despite similar heart rate and
blood pressure changes among the patients. These data
suggest that additional factors, such as neurohumoral ef-
fects, may also be mediating ejection fraction changes.
Sympathetic and parasympathetic neurohumoral effects me-
diate heart rate, blood pressure and myocardial contractility
and compliance (15). Dividing our subjects into the 14
normal subjects with an increased or flat ejection fraction
response to mental stress and the 4 who had >5% decrease
in ejection fraction revealed that the latter group had a
pronounced bradycardiac response to cold stimulation. This
group also had a lower upright ejection fraction at rest and a
smaller increase in heart rate and systolic blood pressure
during exercise despite similar work loads achieved. These
observations raise the possibility of an enhanced parasym-
pathetic (vagal) response during testing in this group. Al-
though it is possible that these differences are incidental
findings. the uniformity of the ejection fraction response to
the sequential mental stress tasks suggest that they are not.
Implications for clinical testing. Our results suggest that
consideration of patient activity is necessary for interpreting
ejection fraction responses in patients during VEST moni-
toring. We (2) previously demonstrated uniform increases in
ejection fraction during bicycle exercise in healthy volun-
teers and patients with a low likelihood of coronary artery
disease. In the present study, the ejection fraction response
to different forms of physical exercise was also straightfor-
ward: uniform increases, with only the magnitude of in-
crease varying with different types of stress. Our results also
demonstrate why cold pressor stimulation has been found to
be a poor diagnostic test for coronary artery disease; de-
creases in ejection fraction are common even in normal
subjects during cold pressor stimulation. Although the ma-
jority of subjects demonstrated an increase in ejection frac-
tion during mental stress, a marked decrease in ejection
fraction (>5%) occurred in 22% of our subjects. Kayden et
al. (16) suggested that a decrease in ejection fraction may be
of prognostic significance in ambulatory patients with known
coronary artery disease: this correlates with other markers
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of ischemia, such as exercise thallium scintigraphy (17). Our
results suggest that when such a decre&se in ejection fraction
occurs during physical exercise, it most likely represents a
pathophysiologic response. A change in ejection fraction
during other activities, however, should be interpreted with
caution because of the wider heterogeneity of responses that
may be elicited in normal subjects.
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